Introduction
Global climate change has serious implications for the spread of infectious diseases, including vector-borne diseases such as malaria and dengue (1, 2) . Climate change directly affects the vectorborne disease's transmission by altering the geographical range of vector, increasing numbers of reproduction and biting rate, and also shortening pathogenic incubation period of parasite (3) .
Climatic and weather factors become important determinants of malaria transmission. Changes in climatic and weather variables including temperature, precipitation, and relative humidity influence the population of Anopheles mosquitoes and malaria occurrence (4, 5) . Warmer ambient temperatures affect the extrinsic cycle by shortening its duration, so enhancing the transmission po-tential of malaria (6, 7) . Temperature was associated with malaria cases in Korea, Southwestern China, India, West Africa, Jimma of South West Ethiopia and South Ethiopia (8) (9) (10) (11) (12) (13) . A 1°C increase in temperature was associated with 18% increase in malaria cases after a 3-wk lag (8) . Conversely, temperatures in West Africa and Zimbabwe had a significant negative correlation with the incidence of malaria (11, 14) , while in the highlands of Bangladesh, the temperature had no effect on malaria cases (15) . Precipitation plays a major role in the transmission of malaria although it has no direct effect on parasite. Rain water creates pools that can become a breeding site for Anopheles mosquitoes. High rainfall also increases humidity and prolongs the life of adult mosquitoes. In SubSaharan Africa, malaria has a higher transmission rate during the rainy season (11) . The increases of precipitation and humidity are directly proportional to the density of Anopheles mosquitoes (16) . In India, higher malaria cases were reported when precipitation was high (9) , while in Tibet, precipitation was an important factor in the transmission of malaria. Furthermore, precipitation and incidence of malaria have a complex and non-linear relationship (5) . The morbidity and mortality of patients with malaria were significantly increased after a flood event in Pakistan (17) . In Tibet, Jimma of South West Ethiopia, Ghana and Shucher of China showed that rain was associated with malaria (5, 12, 18, 19) . Otherwise, in Bangladesh, precipitation was not associated with the malaria cases (15) . A direct effect of humidity on the life cycle and biting behavior of mosquitoes was reported (9) . In Indonesia, humidity had a significant association with the density of Anopheles (16) . Low relative humidity shortens the lifespan of mosquitoes; otherwise high relative humidity extends the lifespan of the mosquitoes. At higher humidity, the mosquitoes become more active and more likely to bite. In Tibet, India, Ethiopia, and China showed humidity affected the incidence of malaria (5, 10, 12, 19) . Conversely, in Bangladesh, humidity had no effect on malaria cases (15) .
Human migration has contributed to the spread of malaria transmission (20) (21) (22) (23) . Failure to consider this factor may contribute to failure of predicting the increase malaria case. A long-term migration data can be used to predict the change of the people who are infected by malaria (24) . In Abidjan and Burkina Faso, human population movement to endemic areas leads to the increase of malaria case (25, 26) . However, a contrary finding was confirmed human migration in developing countries decreased malaria cases (22) . In Indonesia, malaria remains a public health problem, although the incidence of malaria was decreased by 1.9% in 2013 compared with 2.9% in 2007. However, some provinces still have a high annual parasite incidence (API) that are potential for the higher risk of transmission and outbreaks (27) . As a disease highly sensitive to climate change, malaria in Indonesia is predicted to have a significant effect when there are changes in climatic and weather variables particularly in the endemic areas (28). Therefore, the present study aimed to analyze the relationship between weather factors with considering human migration and previous case findings and malaria cases in endemic areas in Indonesia. This study was focusing on the endemic areas in the district of Purworejo, a highest malariaendemic district in Central Java Province, with an API of 1.34 per 1000 population in 2011 (29) .
Methods

Study site
Purworejo is one of the districts in Central Java Province, Indonesia and geographically is located in between 109°47'28" longitude and 110°8'20" East longitude (EL), and 7°32' latitude and 7°54' South latitude (SL) (Fig. 1) 
Study design and data analysis
The study was based on an ecological study with cross-sectional approach by using monthly time series data from 10 yr period. The independent variables were the maximum and minimum temperatures, maximum and minimum humidity, precipitation, human migration and previous malaria cases, while the dependent variable was positive malaria cases. The study population was all positive malaria cases reported in the district health office of Purworejo. The samples were all positive malaria cases reported and recorded in the district health office of Purworejo from 2005 to 2014. Maximum and minimum temperatures, maximum and minimum humidity, and precipitation data were collected from PROBOLO Central Management of Water Resources, Central Java Province. Human migration data were collected from the civil registry office of Purworejo, while data on the number of positive malaria cases collected from the monthly report of malaria surveillance of the district health office of Purworejo. All independent and dependent variables data were collected for the 10 yr from 2005 to 2014. Three models of count data regression analysis i.e. Poisson model, quasi-Poisson model, and negative binomial model were applied to measure the relationship. To find the best model, the least AIC value was also performed. This analysis was facilitated using statistical software R 3.2.2. Ethical approval was received from the Ethical Committee of the Faculty of Medicine, Gadjah Mada University, Indonesia. Permission to carry out the study was also obtained from Purworejo District Government.
Results
Malaria cases in Purworejo tended to decline over the last 10 yr. However, malaria is still a major public health problem in Purworejo, and out-breaks sometimes occur in this area 23. Fig. 2 Table 2 reports the results of all three multivariate regression models (Poisson regression, quasiPoisson and negative binomial. Note. *<0.05, **<0.01, ***<0.001 significant levels.
Poisson regression model (Model 1) produced more significant predictor variables; however, Model 1 was not appropriate enough to be applied due to its inability to detect a potential problem with overdispersion. Then, to identify the problem of overdispersion, quasi-Poisson regression (Model 2) was also conducted. The estimated dispersion parameter for quasi-Poisson was more than 1, indicating over-dispersion; therefore, negative binomial regression (Model 3) was selected. Further, the least AIC value of negative binomial regression was smaller than those from quasiPoisson. Based on negative binomial regression analysis, there were significant relationships between four predictor variables (i.e, maximum temperature, maximum humidity in the last 2 months, precipitation in the last 3 and 12 months, previous malaria cases findings in the last 12 months and migration in the last 1 month) with malaria cases. Table 3 shows the results of negative binomial regression analysis as the best model to determine the relationship between weather factors with considering previous case findings and malaria cases in Purworejo from 2005 to 2014 by using monthly time series data. 
Discussion
The present study showed significant relationships between weather factors with considering human migration and previous case findings and malaria cases in endemic areas in Purworejo, exclusively by using negative binomial regression model. Maximum humidity lag 2 had significant relationship with malaria cases, and the relationship was negative. Maximum humidity in the last 2 months reduced positive malaria cases. A 1% increase in maximum humidity was associated with a 10.47% decrease in malaria cases after a 2-months lag. This result is consistent with previous studies in Korea that relative humidity associated with 40.7% decrease in malaria after a 7-wk lag (8) . Humidity influences the life cycle of the mosquito, human-biting habit, and the density of the mosquito. Low relative humidity shortens the life of the mosquito, while high relative humidity prolongs its life. Higher humidity increase the number of times mosquito bite, and the density of mosquitoes (31) . Relative humidity of at least 60% needed for survival of adult Anopheles and transmitting the parasite (10) . This study also explains the relationship between precipitation lag 3, precipitation lag 12 and malaria cases. A 1 mm increase in precipitation was associated with a 0.08% increase in malaria cases after a 3-months lag. A 1 mm increase in precipitation was associated with a 0.09% increase in malaria cases after a 12-months lag. This study result is in line with study findings conducted in Jimma of Ethiopia, Ghana and China that reported significant effects of the level of precipitation on malaria (12, 18, 19) . Precipitation is a prominent factor in the transmission of malaria. Rainfall influences the transmission by supplying water to create aquatic habitat, but excessive rainfall may wash off the breeding places and eliminate the larvae (16) . Moreover, high intensity of rainfall causes the increase of the relative humidity that also influences malaria transmission by its role in prolonging mosquito life-span (12, 16) . The present study provides evidence that human migration had significant relationship with malaria cases, and the relationship was negative. Inward migration reduced malaria cases. A 1% increase in inward migration was associated with a 0.047% decrease in malaria cases. Inward migration in Purworejo was accompanied with adequate sanitation that might lead to a decrease in malaria cases through reduction vector breeding sites. People who came to Purworejo were mostly in rainy season for preparing the land for planting. This activity could reduce the breeding sites and have also impact on deceasing malaria cases. This finding is line with previous study that human migration in developing countries supported by sufficient housing and sanitation would decrease malaria cases. Reduction of the humanvector contact and vector breeding sites were the plausible reasons for this phenomenon (22) . The study reveals highest relationship between previous malaria cases findings in the last 12 months with the current malaria cases. A 1 case increase in malaria cases was associated with a 0.36% increase in malaria cases after a 12-months lag. Malaria transmission was seasonal and influenced by the prior cases. Malaria incidence oc-curred in certain months and seasons when the density of Anopheles mosquitos in the previous period was much higher (10, 16 ). An. balabacensis malaria transmission in Sebatik island in Indonesia was quite high from Jun to Oct (32) . Further, in Zimbabwe, malaria transmission started from Feb to May with the peak in Apr and lowest from Jul to Dec. This transmission pattern was closely related to geographic variation in climatic seasonality indicators, i.e. precipitation and temperature (33) . An important limitation of this study is related to public health interventions. This study did not incorporate public health interventions such as long-lasting insecticide-treated nets and indoor residual spraying in the models due to unavailability of the data and might have influenced the results of analysis.
Conclusion
Weather factors such as temperature, humidity, precipitation, and considering previous malaria case findings need to be considered as prominent indicators for the increase of malaria case projection in Purworejo. This finding can conceivably be extended to other areas in Indonesia and elsewhere. However, the complex correlation among these variables should be elaborated with detailed ecological and epidemiological studies by taking into account local specific characteristics of the endemic areas.
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